We identified risk factors for any emm type group A streptococcal (GAS) colonization while investigating an invasive emm26.3 GAS outbreak among people experiencing homelessness in Alaska. Risk factors included upper extremity skin breakdown, sleeping outdoors, sharing blankets, and infrequent tooth brushing. Our results may help guide control efforts in future outbreaks.
Invasive group A Streptococcus (GAS) can cause life-threatening infections, such as necrotizing fasciitis and sepsis [1] . Most infections are community-acquired, and both host risk factors (eg, chronic illness, skin breakdown) and environmental conditions (eg, crowding) contribute to disease development [2] .
In June 2016, we identified an outbreak of invasive GAS infections caused by a rare emm type, emm26.3, among people experiencing homelessness (PEH) in Anchorage, Alaska [3] . By January 2017, 37 cases of emm26.3-invasive GAS disease had been detected, prompting mass administration of single-dose azithromycin to persons accessing homeless services to halt the outbreak. GAS colonization surveys conducted before and after antibiotic administration demonstrated a decline in emm26.3 GAS colonization [3] .
Few studies have described risk factors for GAS colonization, a precursor to infection, among PEH [4] , and none have described risk factors among this population in the setting of a large outbreak. We sought to identify factors associated with colonization by any emm type GAS and by emm26.3 GAS among PEH to guide future interventions in this population.
METHODS

Colonization Surveys
We conducted survey 1 during 13-17 February 2017, at the time of azithromycin administration, and survey 2 during 13-18 March 2017. Both surveys targeted persons accessing homeless services from the same 6 facilities frequently visited by PEH in Anchorage.
After obtaining verbal consent, we administered an 18-question survey that assessed behaviors, previously-identified risk factors for GAS colonization or disease, and antibiotic use in the preceding month. Participants in survey 1 could also participate in survey 2.
Sample Collection and Laboratory Methods
Providers swabbed the oropharynx (OP) and any non-intact skin (eg, abrasions, wounds, dermatitis) of consenting participants. GAS isolates were confirmed using standard methodology by the Arctic Investigations Program laboratory, who also performed emm typing on GAS isolates (https://www.cdc.gov/ streplab/protocol-emm-type.html). A participant was considered colonized if GAS grew from an OP or skin swab collected from either survey.
Statistical Analysis
Only PEH who completed both a survey and provided an OP or skin swab were included in our analysis. To improve statistical power, we pooled data from both surveys and compared characteristics of PEH who were colonized with GAS (any emm type and emm26.3 only) to those who were not. Odds ratios (ORs) for each risk factor were calculated using logistic regression. To adjust for potential differences in associations between survey 1 and survey 2 due to outbreak response interventions, we evaluated the interaction between risk factors for GAS colonization and survey number. We retained significant interaction terms associated with survey number (survey 1 or survey 2) in the univariate model. Age, sex, race, antibiotic use, and variables with a P < .1 on univariate analysis were included in the multivariable model.
We defined antibiotic use as the use of any antibiotic recommended for treatment of GAS [5] in the preceding month (including azithromycin received as part of the outbreak response). We defined chronic alcohol use as self-reported alcohol consumption with a past or current history of an alcohol problem. We considered ORs with 95% confidence intervals (CI) that did not include 1.00 statistically significant. This project was determined by the Centers for Disease Control and Prevention's Human Subjects advisors to be non-research public health practice; a formal Institutional Review Board review was not required.
RESULTS
We enrolled 539 participants: 268 of 299 PEH approached for survey 1 and 271 of 294 PEH approached for survey 2 participated; 54 people were excluded because they had no swab collected (n = 10), did not complete the survey (n = 27), were staff (n = 14), or were duplicates in the same survey (n = 3). A total of 82 people participated in both surveys. Among survey 1 participants, 228 (85.1%) received azithromycin <30 minutes before swab collection as part of the intervention; 108 of the 271 (39.9%) survey 2 participants received azithromycin during the antibiotic campaign 1 month prior. The median age of enrolled participants was 51 years.
GAS Colonization
GAS colonization by any emm type was identified in 43 (8.7%) participants. GAS was cultured from the OP of 32 (74.4%) and from the skin swabs of 16 (37.2%) of these participants; GAS was grown from both OP and skin cultures of 5 (11.6%) participants.
On univariate analysis, variables associated with GAS colonization included: younger age; sleeping outside; sharing blankets (survey 1 only), cigarettes, or clothes with others; infrequent tooth brushing; and skin breakdown on hands and arms. Variables remaining associated with colonization on multivariable analysis included: sleeping outside, sharing blankets (survey 1 only), infrequent tooth brushing, and upper extremity skin breakdown (Table 1) .
Colonization With emm26.3
Of the GAS-colonized PEH, 14 (32.6%) were colonized with emm26.3; 10 (71.4%) had a positive OP culture and 4 (28.6%) had a positive skin culture. Of these 14 participants, 10 (71.4%) were identified in survey 1. Those colonized by emm26.3 GAS were older, on average, than those colonized by another emm type (51 years and 36 years, respectively). On univariate analysis, Alaska Native participants (OR: 21.3, 95% CI: 2.4-185.8, P = .006) had greater odds of being colonized with emm26.3 than with other emm types when compared to other participants (White, Black, Hispanic, Native Hawaiian/Pacific Islander, Asian).
Participants with chronic alcohol use (OR: 11.8, 95% CI: 2.4-58.0, P = .002) had greater odds of being colonized with emm26.3 than with other emm types on univariate analysis. DISCUSSION PEH are at increased risk for rapid spread of communicable diseases, and characteristics of this population pose challenges for disease control [6] . Although the risk for disease transmission is similar to other overcrowded settings, such as army barracks, PEH often have a transient lifestyle, greater barriers to self-care, and high rates of skin breakdown. In addition, adult colonization rates amidst an outbreak (8.7% in our study) are typically higher than among the general adult population (1-2%) or adult homeless population (2.1%) not experiencing an outbreak [4] , representing a larger potential for disease transmission.
Several factors associated with GAS colonization in our investigation are likely direct risk factors for GAS colonization and infection, while others may be markers for other risk factors. Blankets have not been shown to play a role in GAS transmission among crowded army recruits [7] , and the association likely indicates crowding and close contact. Infrequent tooth brushing and sleeping outside could represent poor personal hygiene practices or reduced access to resources. Based on our findings, availability of an adequate supply of toothbrushes, toothpaste, and soap in homeless shelters might limit transmission risk of GAS and of other infections during an outbreak of invasive GAS infection among PEH. In large or intractable outbreaks, it might also be beneficial to open supplemental shortterm shelters to provide additional places to sleep.
Skin breakdown, primarily on the hands and arms, was another common finding in those colonized by GAS. Skin breakdown is a well-known risk factor for invasive GAS disease and carriage [8] [9] [10] [11] . Increasing access to free wound-care clinics and encouraging frequent skin assessments may be practical measures that could limit disease transmission during an outbreak of invasive GAS infection among PEH. Further, because insect infestations (eg, bedbugs, scabies) in homeless shelters can result in skin breakdown, interventions to prevent and treat these infestations provide another opportunity to limit disease transmission [12] .
We observed that emm26.3 colonization was associated with being Alaska Native. We do not believe this is a true risk factor, but likely a marker for social bonds among Alaska Native people and a reflection of early spread among close contacts.
We also observed that emm26.3 colonization was associated with self-reported chronic alcohol use. PEH with chronic alcohol use might have been more likely to share bottles of alcohol, which could increase oropharyngeal GAS colonization. The clustering of emm26.3 and the lack of association of these variables with overall GAS colonization suggests these were characteristics of the population initially affected by the outbreak of a newly-introduced emm type, not true independent host risk factors for emm26.3 GAS colonization.
Our study has limitations. First, due to small numbers, we were not able to adjust for confounding variables when assessing factors associated with emm26.3 colonization. However, the findings on univariate analysis still suggest possible transmission patterns of emm26.3. The statistical power of the study to detect associations between some risk factors is also limited. Although it is unlikely that receipt of azithromycin during survey 1 affected GAS recovery, it might have affected colonization during survey 2. Further, we do not know all of the antibiotics taken by the participants prior to swab collection; however, we did adjust for known antibiotic use on multivariable analysis. Finally, this analysis represents data from a single population and period in Alaska, and our results might not be generalizable to every homeless population or representative of ethnic groups who are homeless in Anchorage.
CONCLUSION
Identifying those at risk for GAS colonization among PEH provides insight into how disease may spread among this population. We identified multiple factors that might provide opportunities for intervention. Allocating additional resources to reduce the sharing of items, encouraging good hygiene practices, opening additional emergency shelters, and providing more wound-care services might assist control efforts in the setting of an invasive GAS outbreak among PEH.
